Design of a New Load Lifting Mechanism  by Rakhmatulina, Ayaulym et al.
 Procedia - Social and Behavioral Sciences  83 ( 2013 )  689 – 692 
1877-0428 © 2013 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of Prof. Dr. Hafize Keser Ankara University, Turkey
doi: 10.1016/j.sbspro.2013.06.130 
2nd World Conference on Educational Technology Researches – WCETR2012 


  	*"
 "!








	

  


 "##
!%!!"$








	

  


 "##
!%!!"$








	

  


 "##
!%!!"$


 
 
Abstract  
Engineering industry is one of the prior sector where application of modern innovative technologies allow to gain better 
productivity. In order to produce new machines and devices we have to develop its design methods. As marketing analysis 
shows, there isn’t any manufacturer of load lifting mechanisms in our country. “Nurnberg scissors” type load lifting mechanisms 
are produced abroad. But such load lifting platforms are very dangerous and might overturn since equipments’ stiffness is low. 
Also these load lifting platforms are very heavy. The main reason is when mechanism is in the built-up condition its state is close 
to singularity, that is why it is very big on reactions of kinematical chains, the value of balancing force is very high. For instance 
in some equipments it can be observed that balancing force is 16 times higher than lifted load. The purpose of this study is to 
investigate optimal method of force transmission of synthesis of hydro cylindrical chain of load lifting lever mechanism and 
efficiently design it. 
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1. Introduction  
At many technological processes, especially at construction-installation, repairing works the mechanized load 
lifting mechanisms are highly required. However, at present time industrial and construction often uses “MOSI”-
type and “building fences” type wood or metal equipments. These equipments are not reliable also it takes plenty of 
time to install them, materials are lifted to needed altitude by “hands”.   
An eight-linked hinged-lever mechanism with a straight forward motion of load lifting platform is proposed. 
We have carried out multicriteria optimal synthesis of hydrocylinder chain on the basis of Sobol-Statnikova’s 
method. Since there isn’t any general solution in modern “theory of dynamics and strength of machines” for such 
cases, it is an actual problem. The mechanism proposed in this work has several advantages over existing load lifting 
mechanisms. We did comparative study of results of multicriterial synthesis using APM Structure3D software. Also, 
tension-deformation state of eight-linked hinged-lever load lifting mechanism is examined.  
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It is necessary to work on how to make hydrocylindric chain useful in such load lifting mechanisms’. The 
actual problem is to produce high load lifting ability, low balancing force and light weighting mechanism types. 
Obtaining the equations of kinematics and force analysis and to write a programme in MS Excel Visual Basic. 
 
3. Results 
Draw first position coordinates of the mechanism on APMStructure3D software according to values in Table 
1. Absolute coordinates of joints XA=0.337, XP1=-0.55м, XD=1.5м, YA=0, YP1=0, YD=0 are constant at 44 
positions. 
 
Table 1. Absolute coordinates of joints 
 
XB1 YB1 XB YB XC YC XC1 YC1 XP YP 
0.7699 1.6089 0.1111 0.9361 0.4859 1.2518 0.3972 1.2908 1.4417 2.5362 
XD1 YD1 XA1 YA1 XA XK YK XL YL KL 
-0.6072 2.5503 0.5558 2.5478 0.337 -0.0652 0.81785 0.28702 2.53205 1.75001 
 
The reason is, the lowest assembled position of a mechanism (height of platform, H=0.4m ) at 1st-position has 
the highest reaction forces’ values, then links deform under these conditions. Let’s choose channel bar №10 (State 
Standard 8240-89) link and chanel bar №8 (State Standard 8240-89) link from APM Structure3D software’s 
database as mechanism’s link and platform’s sides respectively. In figure 1, red colored numbers denote number of 
joints and blue colored denote number of links. 
In this model 9th-link connecting 10th-11th joints shows hydrocylinder. A pipe with cross-section 102х10 
(State Standard 8732-78) is accepted instead of hydrocylinder. Total mass of planar model shown in figure 1 is 
160.96 kg including 14.4kg of platform’s mass. Assume 500kg mass is loaded on the middle of a platform. Since, 
we have same mechanisms in two sides of a spatial load lifting mechanism, total mass is 321.92 kg including 28,8 
kg of platforms’ mass. Then, the load acting on a platform is 1000 kg (1 ton). Numbers of links: 17. 
 
 
Figure 1. Front view of a load lifting mechanism  
 
We designed a model of the mechanism, solved the problem and obtained results on APM Structure3D 
software. Reactions on joints, values of tension are acquired from result table. The highest value of tension is 54.6 
N/mm2, values of reactions acting on joints are shown in Table 2. 
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Table 2. Reaction forces acting on joints 
 
Аты RX01, Н RY01, Н RX03, Н RY03, Н RX06, Н RY06, Н 
APM -8079.0934 7414.9237 7797.0563 -1044.5193 282.0401 209.3117 
 
The channel bars №10 (State Standard 8240-89) and №8 (State Standard 8240-89) used in the model have 
extremely high critical strength values. So, we swap them with channel bars №8 (State Standard 8240-89) and №6,5 
(State Standard 8240-89) respectively. 
Evaluate on Visual Basic program embedded in MS Excel using Gauss method varying load masses with the 
same model’s mass parameter that was calculated on APM Structure3D software. 
FY1 = -9.8 * 17.54; FY2 = -9.8 * 35.73; FY3 = -9.8 * 13.8; FY4 = -9.8 * 13.8; FY5 = -9.8 * 8.25; FY6 = -
9.8 * 35.82; FY7 = -9.8 * 514.37; FY8 = -9.8 * 21.74 
21637 mechanisms were selected out of 32768 mechanisms at the end of examining. For now only 4 
mechanisms was proposed from selected ones. Their parameters are given in Table 3. Finally, we choose 
mechanism number 5677. In comparison with others, force transmission of this mechanism become better. As well 
as improvement by balancing force F criteria is 30 percent. 
 
Table 3. The selected mechanism 
 
Alpt xK-Loc yK-Loc xL-Loc yL-Loc Rmax F nKLmax/KLmi  KLmin KLmax 
8437 0.915 0.197 0.912 0.007 29145 21131 1.74 1.01 1.75 
5677 0.934 0.187 0.916 0.034 30440 20846 1.71 1.03 1.76 
5797 0.882 0.195 1.080 -0.034 29755 27476 1.58 1.13 1.78 
12601 0.850 0.182 1.042 -0.023 28400 24688 1.70 1.06 1.80 
 
Draw first position coordinates of the mechanism on APM structure3D software according to values in Table 
4. Absolute coordinates of joints XA=0.337, XP1=-0.55м, XD=1.5м, YA=0, YP1=0, YD=0 are constant at 44 
positions. 
 
Table 4. Absolute coordinates of jonts 
 
XB1 YB1 XB YB XC YC XC1 YC1 XP YP 
0.7699 1.6089 0.1111 0.9361 0.4859 1.2518 0.3972 1.2908 1.4417 2.5362 
XD1 YD1 XA1 YA1 XA XK YK XL YL KL 
-0.6072 2.5503 0.5558 2.5478 0.337 -0,6099 0,1055 0,366 0,4330 1,0296 
 
Total weight of planar model is 158.39kg. Assume 500 kg weight is loaded on the middle of a platform. 
Number of links: 32. 
 
Table 5. Reaction forces on joints 
 
 RX01, Н RY01, Н RX03, Н RY03, Н RX06, Н RY06, Н 
EXCEL -2 362.7 4 614.4 -8 375.1 1 262.6 10 737.8 580.1 
APM -2883.3529 4843.8472 -7354.4866 1118.975 10237.84 590.9518 
Conclusion 
We designed a model of the mechanism, solved the problem and obtained results on APM structure-3D 
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software. Reactions on joints, values of tension are acquired from result table. The highest value of tension is 112.1 
N/mm2, values of reactions acting on joints are shown in Table 5. In Table 5, it can be noticed that results of 
reactions on joint are similar to values calculated above, verifying correctness of results. We studied tension-
deformation state of load lifting mechanism by APM structure-3D software and designed a new load lifting 
mechanism. Total mass of planar model is 158.39 kg, maximum value of tension is 112.1 N/mm2. 
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